Radioimmunoscintigraphy using a radio-labelled antibody to prostate-speci®c membrane antigen (PSMA) has growing applications as a means of tissuespeci®c imaging based on functional characteristics and complements traditional staging investigations. Clinical applications in men with carcinoma of the prostate are being re®ned, and this study reports outcomes with this technique in our practice. Prostatic immunoscintigraphy scans were performed with In-111 CYT 356 in 49 men with carcinoma of the prostate, obtaining sequential images in two and three dimensions at 10 min, 24 and 48 h. Of the 49 men, 36 had clinically localized cancer, 10 had recurrent disease after radical radiotherapy or radical prostatectomy and three had rising PSA after primary endocrine treatment. Scan ®ndings are discussed in the context of clinical management. Of the 36 men with clinically localized cancer, seven had increased uptake in regional and distant lymph nodes. Of these seven, three were treated with hormone manipulation, two by radical prostatectomy and two by radical radiotherapy. Among 10 patients who had recurrence after radical treatment of the primary tumour, scans showed local recurrence alone in four, and six had regional or distant metastases. Three patients treated with primary hormone manipulation had scans for rising PSA, and of these one had a positive regional node and two had distant soft tissue and bone metastases. In conclusion, prostatic radio-immunoscintigraphy scans highlight tissues involved by prostate cancer, including the prostate, lymph nodes, soft tissues and bone metastases as well as pelvic recurrence. Results may contribute to the clinical management of individual patients, although histological con®rmation may be appropriate when considering alternative treatment. Prostate Cancer and Prostatic Diseases (2000) 3, 47±52.
Introduction
Adenocarcinoma of the prostate is the second most common cause of cancer death among men in most industrialised nations and, in England and Wales, it is responsible for around 9000 deaths every year. The development of locally advanced or metastatic disease is usually insidious and, for most patients presenting with symptoms, the tumour is all too frequently incurable and treatment essentially palliative. Early and radical treatment may be curative for localized tumours, particularly those that are organ-con®ned, and may be recommended for men with life expectancy of at least 10 y. Appropriate therapeutic decisions are therefore dependent on accurate clinical assessment of tumour stage.
Tumour stage as de®ned by pathological examination has considerable prognostic importance in men treated by radical prostatectomy for clinically localized disease. The risk of recurrence can be related to the presence of regional lymph node metastases, seminal vesicle invasion and involvement of surgical margins. Conventional radiological techniques including transrectal ultrasound (TRUS), computerized tomography (CT) and magnetic resonance imaging (MRI) have proved disappointing in the pre-operative assessment of local tumour invasion and diagnosis of soft-tissue and lymph node metastases.
Growing experience with radio-immunoscintigraphy suggest that this technique may be useful for assessing tumour stage prior to treatment as well as monitoring disease progression and response after treatment. 1 It utilizes a radio-labelled antibody to a membrane-bound prostatic-speci®c membrane antigen (PSMA) and this forms the basis for tissue-speci®c imaging. This study examines the application of prostatic immunoscintigraphy in a variety of clinical situations, that include evaluation of clinically localized prostate cancer before radical treatment, recurrence after radical treatment, and assessment of disease progression.
Methods
We have scanned 49 patients with prostate cancer using In-111 CYT 356 (henceforth referred to as an immune scan for convenience). The study received Ethical Committee and ARSAC (Administration of Radioactive Substances Advisory Committee) approval, and each patient gave informed consent to participate. 100 ± 200 MBq In-111 labeled antibody was injected intravenously (24 mSv/ 100 MB1). Scans were obtained using a Siemens Orbiter large ®eld of view (LFOV) camera and medium energy collimator. Planar two-dimensional images and singlephoton emission tomography (SPET) three-dimensional images were taken at 10 min, 24 and 48 h.
Results
Among the 49 patients who had immune scans, 36 were previously untreated and 13 were undergoing evaluation following treatment (Table 1 and 2 ). All 36 men who were previously untreated had clinically localized cancer and of these, seven had increased uptake consistent with metastatic cancer in regional and distant lymph nodes. Of these seven patients, three were subsequently treated with primary hormone manipulation, two had radical radiotherapy and two had radical prostatectomy with pelvic lymph node dissection. Sixteen patients had scans prior to radical prostatectomy: eight were retropubic operations with lymph node dissection, including two men with positive nodes on scans, and eight were perineal without histological lymph node evaluation. Three men with clinically localized prostate cancer and positive bone and/or immune scans were then treated with primary hormone manipulation: two had positive lymph nodes on scans and one had increased bone uptake on both immune and bone scans.
Of the two patients with positive nodes on immune scan who later had radical prostatectomy, one had a scan positive obturator node and the other had a scan positive iliac node with scan negative obturator nodes. In both patients, no histological evidence of metastases was identi®ed in the obturator nodes removed at lymph node dissection. However, both had non-organ-con®ned disease with positive surgical margins. Nodal metastases were not identi®ed in any of the six patients who had pelvic lymph node dissection and negative nodes on immune scan.
Among the 13 patients scanned after treatment (Tables 1  and 2 ), 10 had recurrent disease after radical treatment of the primary tumour. Three of these had prior radical prostatectomy and three had received radiotherapy, and these individuals all had regional or distant metastases on immune scans and subsequently underwent hormonal treatment. Two patients had already received hormone manipulation for PSA recurrence after radical prostatectomy or radiotherapy, and in both cases the immune scan demonstrated local recurrence. One patient with a serum PSA level of 1.6 ng/ml after radical prostatectomy had local recurrence on immune scanning, but no evidence of regional or distant metastases, and after subsequent pelvic radiotherapy his PSA fell to an undetectable level (`0.1 ng/ml). One patient with detectable yet stable PSA at 0.4 ng/ml who also had evidence of local recurrence after radical prostatectomy was continued on observation.
Three patients treated by primary endocrine manipulation were scanned after increasing PSA levels were (2) Extraprostatic (1) Pos (1) 
Discussion
This report describes the use of prostatic immunoscintigraphy in relation to clinical management for a variety of clinical situations. Several potentially useful applications are demonstrated, provided certain limitations in their interpretation are recognized. Firstly, the primary tumour can be speci®cally imaged for men with clinically localized cancer. All 36 primary tumours were demonstrated unequivocally. Secondly, local recurrence after radical treatment of primary disease can be imaged. Among 10 patients, recurrence was con®ned to the prostatic bed after surgery in three, to the region of the prostate after radiotherapy in one, and six had recurrence in local or regional nodes (two with bone metastases also). Thirdly, the site and extent of metastatic progression can be assessed in men with hormone refractory disease. Radical treatment of primary tumour may be offered to men with newly diagnosed, clinically localized cancer, and in these patients scans may identify sites of potential metastatic involvement that would have signi®cant adverse prognostic implications but may not be manifest by a structural abnormality detectable by CT or MRI. In this series, 36 such men were scanned: eight proceeded to radical prostatectomy with pelvic lymph node dissection (including two with positive nodes on scans); eight had radical perineal prostatectomy without pathological staging of pelvic nodes (none of whom had scan positive nodes); 17 had pelvic radiotherapy (including two with scan positive nodes); and three had primary hormone manipulation (two of whom had scan positive nodes and one had corresponding positive bone and immune scans).
It is generally well recognized that prognosis is signi®cantly adversely affected by the presence of lymph node metastases, even when microscopic. 2 However, when this is not con®rmed histologically the signi®cance of scan positive nodes is uncertain. Antibody binding with regional nodes may re¯ect physiological processing of non-viable tumour cells, and even in the presence of metastases, the mechanism by which it binds the normally intracellular epitope is unclear. Previous studies suggest that serum PSMA levels and immune scans may provide prognostically signi®cant information. 3 Histological examination and long-term outcome data are needed to evaluate the prognostic and therapeutic signi®cance of soft tissue uptake in men with clinically localized cancer.
After radical treatment of clinically localized cancer, prostatic immunoscintigraphy may be useful in men with rising PSA and negative bone scan. Our series included one patient whose immune scan appeared to demonstrate a potentially curable local recurrence in the prostatic fossa associated with a rising serum PSA after radical prostatectomy. Following radiation therapy to this site, serum PSA decreased from 1.6 ng/ml to an undetectable level (`0.1 ng/ml). Previous studies have suggested that among patients with recurrent cancer after radical prostatectomy, those with immune scans demonstrating disease con®ned to the pelvis fare better than those with activity beyond the ®eld of radiation. 4 The potential bene®t of irradiating local recurrent disease should be tempered by the risk of failing to control disease progression due to established distant micrometastases and the additional morbidity of pelvic radiation after radical surgery. Thus, another patient in this series had a detectable PSA that remained low and stable (0.4 ng/ml) and in spite of evidence of isolated local recurrence on immune scan, he continues to be managed expectantly. Previous reports suggest that PSA elevation occurring less than 2 y following radical prostatectomy in men with high grade cancer (Gleason score 8 or greater), seminal vesicle or lymph node involvement indicates high risk of metastatic disease 5 that is unlikely to be amenable to salvage therapy. 6 Although biopsies of the prostatic fossa after radical prostatectomy may need to be interpreted cautiously, scan sensitivity for recurrence has been estimated to be as high as 86%. 7 Bone scans are now routinely used for staging prostatic malignancy and evaluating bone metastases associated with advanced disease. Immunoscintigraphy may con®rm sites of bony involvement but may not reproduce the bone scan ®ndings. Immune scans sometimes fail to demonstrate sites of increased uptake on bone scan, which are non-speci®c indicators of new bone formation. In addition, immune scans fail to detect bone metastases after treatment although uptake may persist on bone scan.
The application of immunoscintigraphy in clinical practice merits more critical appraisal and prospective studies are in progress. CYT 356 is a monoclonal IgG antibody raised against the membrance bound prostatespeci®c membrane antigen (PSMA) and labelled with indium-111. PSMA is expressed only in prostatic tissue and does not circulate in the bloodstream. The antibody itself is derived by mouse immunization against the LNCap human cell line and produced by a hybridoma. Tissue speci®city of antibody binding has been demonstrated, 8 but the target epitope is intracellular and may only be accessible after internalisation of the antibody, or after cell death. 9 Its unique ability for tissue characterization contrasts conventional imaging techniques that identify alterations in macroscopic or compositional characteristics of normal structures (eg ultrasound, computerized tomography and magnetic resonance imaging), and the clinical information provided may be valuable when making therapeutic decisions. 4 Prostatic immunoscintigraphy using technetium-99m as the radiolabel also offers excellent imaging characteristics, as well as signi®-cant cost and radiation advantages over indium-111. 10 Primary malignancy within the prostate is associated with substantially greater signal strength and uptake of antibody than benign prostatic tissue. Although this may be clearly evident in some scans, their interpretation is somewhat observer dependent and quantitative analysis (the`image surgery' technique 13 ) that would permit objective assessment of test sensitivity and speci®city is not yet available. Immunoscintigraphy cannot at present reliably demonstrate the extent of the primary tumour or the presence of capsular invasion, and therefore its clinical application does not at present include predicting organcon®ned cancer. This can however be estimated from digital rectal examination, serum PSA and biopsy grade. 14 
Conclusion
Immunoscintigraphy may demonstrate speci®c binding to PSMA in soft tissue or lymph nodes in patients with prostate cancer, thereby offering a means of tumour staging based on immunological tissue characterization. This may be useful when planning de®nitive therapy, assessing response to primary treatment, patterns of relapse or progression, and be particularly useful in men with a rising PSA and negative bone scan. When scans demonstrate unsuspected metastatic disease that would impact on therapeutic decisions, biopsy and histological con®rmation should be sought whenever feasible before undertaking de®nitive treatment.
